Complicated skin and soft tissue infections (cSSTI) are common and frequently require treatment in hospital. Comprehensive current data on management practices in patients hospitalized with cSSTI are limited. REACH was a retrospective, observational cohort study designed to provide data on current clinical management of moderate to severe cSSTI in European hospitals. Data were collected via an electronic case report form from 129 sites in ten European countries. The study population comprised patients ! 18 years, hospitalized between March 2010 and February 2011 with cSSTI who received intravenous antibiotic treatment. Presented here is an analysis of the disease characteristics, treatment patterns during hospitalization and clinical outcomes identified by the study. The total population included 1995 patients (mean age 60.6 years; 57.7% male). Initial antibiotic treatment modification was reported in 39.6% (n = 791) of patients; it was more common in patients with co-morbidities (42.6%), those requiring surgical intervention (43.4%), those with more severe infections such as bacteraemia (51.6%) or with fascia affected (49.0%), those admitted to the intensive care unit (56.2%) and those with lesions > 50 cm 2 (44.3%). A switch to narrowerspectrum antibiotic treatment (streamlining) occurred in 5.6% of patients. Mean length of hospital stay was 18.5 days (AE19.9; median 12.0) and the total mortality rate was 3.4%. The data collected in REACH give a comprehensive and current view of real-life clinical management of cSSTI in European hospitals and provide evidence of a high rate of initial antibiotic treatment modification.
Introduction
Complicated skin and soft tissue infections (cSSTI), also termed 'acute bacterial skin and soft tissue infections' by the US Food and Drug Administration, are among the most common infections treated in the hospital setting. They represent a heterogeneous range of diseases, from patients with severe infection who are otherwise healthy to patients with relatively minor infection but underlying co-morbidities [1] . Some of these infections involve deep layers of skin and supporting structures, leading to substantial morbidity and mortality that can be resource intensive and incur high healthcare costs [2, 3] . Patients frequently receive intravenous (IV) antibiotic therapy and surgical intervention [2, 4] , and treatment may be further complicated by the presence of significant co-morbidities such as immunological disorders and diabetes mellitus [4] [5] [6] .
Common examples of cSSTI include abscesses, cellulitis, fasciitis, diabetic foot infections and post-trauma and surgical site infections [7] , as well as superficial infections or abscesses in an anatomical site where the risk of anaerobic or Gramnegative pathogen involvement is high, such as the rectal area [1, 8] . cSSTI may be polymicrobial and may involve both aerobic and anaerobic, and Gram-positive and Gram-negative, pathogens [9] .
The predominant pathogens causing cSSTI are aerobic Gram-positive cocci, specifically Staphylococcus aureus, and streptococci [6] . S. aureus was isolated from 44.6% of North American patients with cSSTI over a 7-year period (1998) (1999) (2000) (2001) (2002) (2003) (2004) [10] . A number of other pathogens are linked with cSSTI in specific epidemiological or clinical situations, most notably anaerobes and Gram-negative bacilli in patients with diabetes mellitus, and Pseudomonas aeruginosa in patients with neutropenia [6] . The emerging incidence of resistance to multiple antibiotics in bacteria makes cSSTI increasingly challenging to treat [11] . Furthermore, the choice of treatment is often complicated by the need to treat without a confirmed microbiological diagnosis.
cSSTI are reported to account for up to 10% of admissions to infection units in the USA [12] and in the United Kingdom [13] . However, cSSTI are complex to categorize as no clear definitions of severity are available, making it difficult to reach consistent decisions regarding which infections require hospitalization.
Information about real-life management of cSSTI, identification of risk factors for initial antibiotic treatment modification and its impact is limited. The REtrospective Study to Assess the Clinical Management of Patients with Moderate-toSevere cSSTI or Community-Acquired Pneumonia (CAP) Infections in the Hospital Setting (REACH; NCT01293435) was a collaboration involving independent experts in cSSTI and CAP, a health economist and clinical investigators across Europe. The primary objective of the study was to systematically collect new, current (2010-2011) pan-European data on patients hospitalized with cSSTI or CAP to create a better understanding of patient and disease characteristics, and current clinical management in response to the real-world challenges of treating these infections.
Methods
REACH was a multinational, multicentre, observational, retrospective cohort study of patients hospitalized with cSSTI and CAP. Only cSSTI patients are included in this analysis.
Data were collected from 129 sites in ten participating European countries (see Appendix S1 for full list of investigators). A variety of hospitals were included in the study, including university-affiliated, general, regional, public, private and large, medium and small hospitals.
The study was performed according to Good Clinical Practice and the Declaration of Helsinki. All local ethics committees approved the study protocol. Local legislation relating to written informed consent for non-interventional studies was followed in each country; in Germany and Portugal, where this information is mandatory, written informed consent was collected. 
Patients
The study population comprised patients diagnosed with cSSTI hospitalized between December 2010 and January 2011. The identification period was extended to include November 2010 and February 2011 and then extended backwards, month by month, until sufficient numbers of patients were obtained, or until March 2010, whichever was reached first.
Inclusion and exclusion criteria. Adults aged ! 18 years, hospitalized with cSSTI and receiving treatment with IV antimicrobials were included in the analysis population. Patients were selected from the total number of patients admitted to hospital within that time frame with cSSTI, as identified by World Health Organization ICD-10 diagnostic codes [14] , using an automatic randomization tool. The selected patients were then assessed for eligibility by conducting a first review of the medical charts. Patients who did not meet the predefined criteria of cSSTI (detailed in Data S1) or who did not require IV antibiotics were excluded. The rest were enrolled (Fig. 1) . Further inclusion and exclusion criteria are detailed in Data S1.
Study variables
Variables collected and measured by completion of an electronic case report form are detailed in Data S1.
Data analysis
This was a retrospective non-interventional study, using a descriptive analysis approach to assess clinical management and clinical outcomes. All calculations and summaries were produced using SAS Version 9.2.
'Initial antibiotic treatment modification' was defined as the need for a change in initial antibiotic treatment due to insufficient response, adverse reaction, interaction with other drugs, nonsuitability of the initial antibiotic based on the results of microbiological tests, or changes to antibiotic therapy or addition of further agents, alone or in combination. Cases of 'streamlining', defined as change to narrower-spectrum antibiotics upon patient improvement or confirmed microbiological diagnosis, were recorded separately. Cases of patient death while on initial antibiotic treatment were also recorded. Table S1 , Data S1).
The mean age of patients was 60.6 years; 45.2% (n = 902) of patients were ! 65 years old and 57.7% (n = 1152) were male.
There was a high degree of co-morbidity, with 78.0% (n = 1556) of patients reporting one or more conditions, the most common being diabetes mellitus. The mean age of patients with comorbidities was higher than for patients without (63.8 AE 16.0 vs. 49.3 AE 18.6 years, respectively; Table 1 ).
Disease characteristics, including types of infectious lesions, recurrences, nosocomial infections and pretreatment with antibiotics, are shown in Table 2 . Bacteraemia was diagnosed in 6.3% (n = 126) of the total number of patients. This represents 11.9% of the 1058 patients who had blood cultures performed.
Diagnostic information. All patients underwent a microbiological test; 53.0% (n = 1058) had a blood culture and 48.6% (n = 970) had a superficial swab and culture (Table S2) . A microbiological diagnosis was obtained for 1001 (50.2%) patients (Table 3) .
Of the patients with a microbiological diagnosis, 70.1% (n = 702) were diagnosed with infection with Gram-positive cocci, with staphylococci accounting for 49.5% (n = 495). Polymicrobial infections were identified in 30.2% (n = 302) of patients. Staphylococci were identified in 53.2% (n = 67) of patients with bacteraemia and a microbiological diagnosis (n = 126).
Clinical management
Hospital types and specialists treating patients are shown in Table S3 .
Most patients (77.8%; n = 1553) were treated with an IV antibiotic on the first day of hospitalization. Empirical therapy was received by 81.6% (n = 1628) of patients and 17.3% (n = 346) received specific therapy directed by microbiological diagnosis (Table S3 ). Surgery was required by 37% (n = 739) of patients, 26.7% (n = 197) of whom underwent more than one surgical intervention.
Clinical outcomes
Clinical outcomes for the full analysis population are detailed in Table 4 . Initial antibiotic treatment modification, for any reason, was reported in 39.6% (n = 791) of patients. Streamlining of treatment occurred in 5.6% (n = 111) of patients.
A number of cases listed as 'Other', 'Unknown' and 'No reason reported' were reviewed case-by-case by the investigators and were not related to clinical improvement, the availability of a microbiological diagnosis or narrowing of antibiotic spectrum. The time to treatment modification was < 4 days in 31.3% (n = 124) of patients, ! 4 days in 68.4%
(n = 271) and unknown in 0.3% (n = 1).
Mean time to first treatment modification (including streamlining) was 7.7 days (AE8.0; median 6.0) and the total mortality rate was 3.4% (n = 68) for the full population (7.3% of patients with initial antibiotic treatment modification). Clinical stability, defined by the switch from IV to oral therapy or any other possible criteria, was reached in < 4 days by 382 (19.2%) patients (Fig. 2) , although the largest number of patients (n = 188) reached clinical stability on the fourth day of treatment, with a mean time to clinical stability of 9.7 days (AE11.2; median 7.0 days).
The mean length of hospital stay was 18.5 days (AE19.9; median 12.0). Patients admitted to an intensive care unit (ICU) (6.5%; n = 130) had a mean length of ICU stay of 9.7 days (AE13.5; median 4.5 days). Home-based care after discharge was required by 14.1% (n = 281) of patients [mean duration 26.9 days (AE27.2; median 15.0)].
Clinical failure (defined as acute haemodynamic deterioration or death, or any other criterion considered indicative of clinical failure) occurred in 12.5% (n = 250) of patients. Of these, the failure was related to the cSSTI in 62.4% (n = 156) of patients, unrelated in 22.4% (n = 56) of cases and due to unknown reasons in 15.2% (n = 38) of cases.
Antibiotics used and outcomes. During treatment, 54 different antibiotic agents were used as monotherapy or in combinations. The antibiotics most commonly used as monotherapy for initial and subsequent lines of treatment, and their modification rates, are shown in Table S4 .
Analysing treatments by antibiotic classes, used as monotherapy or in combination with any other agent/s, revealed that, overall, 60.3% of patients received a penicillin or penicillin plus b-lactamase inhibitor combination as their initial antibiotic coverage. Analysis of anti-methicillin-resistant S. aureus (MRSA) agents used as initial monotherapy or in combination with other antibiotics revealed that 5.2% (n = 103) of patients received vancomycin, 4.4% (n = 87) received daptomycin and 1.9% (n = 37) received linezolid. Teicoplanin and tigecycline were less commonly used. Patients receiving some anti-MRSA agents experienced high rates of initial treatment modification (Table S4) .
Clinical outcomes according to disease characteristics. Clinical outcomes according to disease characteristics are detailed in Patients with a nosocomial infection (10.0%; n = 199) had a numerically longer hospital stay (mean 35.7 days vs. 16.4 days), a higher rate of initial antibiotic treatment modification (48.7% vs. 38.6%) a higher mortality rate (4.0% vs. 3.3%), and were more likely to be infected with a Gramnegative bacterium compared with those with a non-nosocomial infection (49.7% vs. 31.3%). Additionally, a higher percentage had MRSA (13.2% vs. 9.6%). Of the patients with a nosocomial S. aureus infection, nearly half (47.6%) had MRSA, compared with 24% of those with non-nosocomial S. aureus infection.
Of the 1995 patients hospitalized for cSSTI, 172 (8.6%) patients had recurrences after discharge. These patients presented with similar types of lesions to those patients without a recurrent infection, although a higher percentage had diabetic leg ulcer (22.1% vs. 10.5%) or peripheral vascular disease ulcer (20.3% vs. 8.9%). Clinical outcomes in some specific cSSTI patient groups and by site of infection are shown in Table 5 . Initial antibiotic treatment modification rate was numerically higher, compared with the total population, in patients with more severe infections, such as patients with bacteraemia (51.6%), patients admitted to the ICU (56.2%), patients with lesions > 50 cm 2 (44.3%) and patients with fascia affected (49.0%). Of the patients with fascia affected, 65.9% (n = 284) required surgery and 73.5% (n = 317) had a microbiological diagnosis, 40.4% (n = 128) of which were mixed infections with two or more microorganisms identified. Patients with fascia affected and patients admitted to the ICU had longer hospital stays (mean 26.8 and 37.1 days, respectively), longer time to clinical stability (mean 15.7 and 16.8 days, respectively) and a higher rate of mortality (7.0% and 16.9%, respectively). Patients ! 65 years old had a numerically higher mortality rate than younger patients (5.5%; n = 50 vs. 1.6%; n = 18). Patients with a confirmed diagnosis of MRSA had a high requirement for initial treatment modification (56.9%; n = 58), while that for patients with methicillin-sensitive S. aureus (MSSA) was 41.4% (n = 116). The characteristics of patients requiring initial antibiotic treatment modification and their disease characteristics are presented in Tables S5 and S6 .
Discussion
The real-world evidence collected in the REACH study revealed unexpectedly high first-line treatment modification rates in hospitalized cSSTI patients throughout Europe. The patient population described in this study was similar to that of previous studies [15, 16] , being composed of older adults (45.2% ! 65 years of age), with a high degree of co-morbidity and concurrent treatment with medications, including antibiotics and antivirals. However, the patients in this study may have had more severe infections, as a high percentage had fever, leukocytosis and bacteraemia, which may be due to the enrollment criteria selected. The impact of co-morbidities on clinical outcomes for patients was considerable, increasing the risk of initial antibiotic treatment modification, reinfection or recurrence, length of hospital stay and death. The types of infection encountered were similar to those seen in other studies, including abscesses, cellulitis/fasciitis, infected ulcers in patients with diabetes or peripheral vascular disease, and postoperative and traumatic wound infections [15, 17] .
Diagnosis of a cSSTI is generally based on clinical criteria and treatment is usually initiated before a microbiological diagnosis is available. Therefore, the antibiotic choice initially depends on the type and severity of infection and the suspected pathogens. Hence, although all patients in this study underwent a microbiological test, only half had a microbiological diagnosis. Swabs, notoriously unreliable diagnostic tools, were used in almost half of all tests. Thus, the majority was treated empirically. The fact that swabs are used so often indicates that there is considerable room for improvement in the way microbiological diagnosis is carried out in routine practice in cSSTI; real-life studies are useful to unveil this type of information. Conversely, the number of blood cultures performed and the percentage of positive cultures was higher than reported by others [18, 19] . Bacteraemia is uncommon in cellulitis: among 272 patients, initial blood cultures were positive in 4% of patients [19] . Blood cultures produce a low yield, with less than 5% of cases being positive [18] . The incidence of bacteraemia in our study was high, at 6.3%, and mortality in this group of patients was also high at 4%. The incidence of bacteraemia in controlled trials for new antibiotic agents for the treatment of cSSTI has been reported to range from 1-5% and mortality in these patients ranged from 0-1.5% [20] [21] [22] . This indicates that patients in the real-life REACH study had more severe illness than the populations recruited into controlled trials. The decision-making process in cSSTI across European hospitals requires consideration of a broad range of potential pathogens and often the need to treat without a confirmed microbiological diagnosis. The lack of recent European treatment guidelines in cSSTI, together with a choice from a large generic pool of treatment options, may partly account for the high percentage of initial treatment modifications recorded in all countries. Thus, improved antimicrobial stewardship may be necessary, as well as initiatives to improve empirical treatment strategies and develop clear guidelines.
Recently, the US Food and Drug Administration explored the use of 'early clinical response' to antimicrobial therapy on Day 3 (for cSSTI) as an efficacy endpoint in clinical trials [23] . This endpoint was based on historical data, which indicated that the greatest antimicrobial treatment effect in controlled studies was after approximately 48-72 hours of antibiotic therapy. Data obtained from REACH (Fig. 2) indicate high levels of early response, with the peak number of patients reported achieving clinical stability at Day 4.
The most common organisms identified in cSSTI infections in this study were Gram-positive cocci (70.1%), the majority of which were S. aureus, which is in concordance with the findings of other studies [10, 15] . MRSA incidence in cSSTI is known to vary considerably between countries, although the 10.2% of all microbiological diagnoses in this study appears low and at odds with other published studies reporting ranges from 22.8% in Europe to 59% in the USA [10, 15, 24, 25] . This variation may be partly explained by the majority of patients in REACH having community-onset infections where MRSA is rarely found in Europe, compared with nosocomial infections where MRSA is more frequently involved.
The rate of initial antibiotic treatment modification was high, particularly in certain groups of patients, such as those with co-morbidities, those with a recurrent or nosocomial infection, patients requiring surgical intervention, those taking non-steroidal anti-inflammatory drugs or patients with more severe infections. It is difficult to make comparisons across studies as definitions of treatment modification may differ; however, this initial antibiotic treatment modification rate is higher than has been reported previously (22-23%) [17, 26] , but reflects current treatment and outcomes. Recommended treatment guidelines for cSSTI provide very little consensus on initial antibiotic choice and include a wide variety of antibiotic therapies dependent on the type and site of infection, its severity and local knowledge concerning possible antibiotic resistance [6, 7, 9] . The large variability in antibiotic treatments and high rate of antibiotic treatment modifications in REACH, frequently within 4 days (before any reasonable time frame to assess the response to treatment has elapsed), suggests that the antibiotic treatment was modified in some cases on transfer of the patient from the emergency department to the general ward, with no reason specified. However, 17% of patients had initial treatment modification due to confirmed insufficient response, agreeing with previous reports for similar patients [15] , as well as with a recent study reporting inappropriate initial antibiotic therapy in 18.5% of patients with a microbiological diagnosis [25] and an association with significantly worse clinical and economic outcomes [17] . A health economic analysis of our study showed an association between initial antibiotic treatment modification and higher use of resources (H. Ostermann, personal communication). If these results are to be taken as a true picture of the need for initial antibiotic treatment modification in cSSTI in Europe, then a reassessment of the current approaches to antibiotic prescribing is recommended to increase the success of initial antibiotic use, especially in the more vulnerable patient groups.
A possible limitation of the study was the notable differences in patient recruitment processes in the different countries, mostly due to differences in ethical committee requirements, which led to differences in the numbers of patients recruited from each country. Because of its retrospective design, there may have been variability in the assessment of outcomes by investigators. However, incomplete information in patient records resulting in missing data for some variables was not an important issue, as it was rather low ( 7%) in all cases except one (tests used for diagnosis: 13.7% unknown). A further potential limitation is the possibility of different treatment approaches between hospitals, which may have an impact on the generalization of the study results.
This large Europe-wide study provides important current data to characterize the population of patients with cSSTI. The findings reveal the heterogeneity that exists in patients with cSSTI and in clinical management patterns, providing evidence of a high requirement for initial antibiotic treatment modification with some commonly used initial antibiotic regimens and suggesting reassessment of optimal management regimens of hospitalized cSSTI patients. For example, patients with comorbidities, compared with those without, are associated with a higher incidence of initial treatment modification, poorer clinical outcomes and significantly increased use of resources, such as longer time to clinical stability and longer hospital stay. These data highlight the potential need for reassessment of treatment regimens for this vulnerable patient group and the potential need for new cSSTI treatments. Data from REACH are likely to provide the foundations for such a reassessment.
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